The bovine trophoblast produces significant amounts of estrogens. In maternal and fetal blood, estrogens occur predominantly in sulfonated forms, which are unable to bind to estrogen receptors (ESRs). However, estrogens may act as local factors in ESR-positive trophoblast cells or in the adjacent caruncular epithelium, which in addition to ESR highly expresses steroid sulfatase. Estrogen sulfonation is catalyzed by the cytosolic enzyme SULT1E1. Previous studies clearly indicated the trophoblast as the primary site of estrogen sulfonation. However, investigations into the cellular localization of SULT1E1 yielded conflicting results. In situ hybridization studies detected SULT1E1 mRNA only in trophoblast giant cells (TGCs), whereas in immunohistochemical experiments the SULT1E1 protein was virtually restricted to uninucleated trophoblast cells (UTCs). The aim of this work was to resolve this conflict by analyzing SULT1E1 expression in isolated UTCs and TGCs. Highly enriched pools of UTCs and TGCs were obtained from four bovine placentas (Days 118-130 of gestation) using an optimized fluorescence-activated cell sorting procedure. UTC and TGC pools were analyzed by quantitative RT-PCR and Western blot experiments to measure the amounts of SULT1E1 transcript and protein, respectively. In contrast to previously published results, both SULT1E1 transcript and SULT1E1 protein were clearly present in the UTC and TGC pools. However, some evidence indicated a higher transcript concentration in TGCs and a higher amount of protein in UTCs. Thus, our results resolve the conflicting results on the localization of SULT1E1 from earlier studies and suggest that posttranscriptional mechanisms play an important role in the control of SULT1E1 expression during TGC differentiation.
INTRODUCTION
In the bovine cotyledonary placenta, intimate feto-maternal contact is restricted to multiple discrete mushroom-shaped structures named placentomes, which are composed of the fetal cotyledon and the maternal caruncle and where the widely ramified chorionic villi of the cotyledons are situated in a corresponding caruncular crypt system [1, 2] . Apart from a considerable reduction of the caruncular epithelium during late gestation and at parturition [3] , no significant reduction of maternal tissue occurs in the placentomes. However, as weakly invasive binucleated trophoblast giant cells (TGCs) permanently fuse with individual caruncular epithelial cells to form short-lived trinucleated feto-maternal hybrid cells, the bovine placenta has been classified as synepitheliochorial. To compensate for the permanent consumption of TGCs, TGCs are continuously regenerated from uninucleated trophoblast cells (UTCs), generally by a process encompassing two endomitoses, followed by an additional duplication of DNA [4] [5] [6] .
Like the placenta of many mammalian species, the bovine placenta produces large amounts of pregnancy-associated estrogens. When bovine placentomes were screened for the expression of CYP19A1, this key enzyme of estrogen synthesis was predominantly localized in TGCs, suggesting that TGCs are the primary site of estrogen production during bovine gestation [7, 8] . The biological role of placental estrogens in cattle remains unclear. The detection of estrogen receptors (ESRs) in cotyledons (ESR2 [ERb] ) and caruncles (ESR1 [ERa] and ESR2) [9, 10] suggests a role as local regulators of placentomal growth or functions. However, definite proof of this concept is pending [11, 12] . Moreover, the understanding of the biological role of bovine placental estrogens is obscured by the fact that-apart from the immediate prepartal and intrapartal period-they predominantly occur in a sulfonated form [13, 14] , which cannot interact with classical nuclear ESRs [15, 16] . Thus, sulfated estrogens have traditionally been regarded as inactivated metabolites. The results from determinations of estrogen sulfotransferase activity in placental tissues clearly indicate that the sulfonation of placental estrogens occurs predominantly in the cotyledons [17, 18] . The observation that bovine placental estrogens are sulfonated in the immediate vicinity of their synthesis suggests either that they have widely fulfilled their biological role as local regulators when leaving the cotyledon or that estrogen sulfates are a primary product of bovine placental steroid synthesis that are possibly destined as substrates for the local production of active estrogens in steroid sulfatase (STS)-expressing target cells within a sulfatase pathway [19, 20] . In fact, significant STS expression was detected in caruncular epithelial cells. Moreover, STS was also detectable in individual TGCs [8, 21] .
To better estimate the role of bovine placental estrogens, definite information on the exact site of estrogen sulfonation at the cellular level is crucial, as colocalization of the estrogenspecific sulfotransferase SULT1E1 [22, 23] with CYP19A1 in TGCs would indicate other regulatory functions than a compartmentalization of the two enzymes in different cell types. However, studies addressing the cellular localization of SULT1E1 in bovine placentomes have thus far yielded conflicting results. Whereas Ushizawa et al. [24] and Hirayama et al. [8] used in situ hybridization and found distinct signals of SULT1E1 mRNA only in TGCs, Khatri et al. [25] used immunohistochemical investigations applying two different primary antibodies and found that the SULT1E1 protein was virtually restricted to UTCs. A differential expression pattern of the mRNA and protein of a certain gene has been described in differentiating cells in situations in which a significant temporal delay occurs between transcription and the subsequent translation [26, 27] . However, considering such a delay between SULT1E1 transcription and translation in the highly dynamic bovine trophoblast, the described localizations of SULT1E1 mRNA and SULT1E1 protein seem inconsistent with the process of TGC differentiation in which TGCs differentiate from UTCs. Thus, the aim of this study was to further clarify the expression pattern of SULT1E1 mRNA and SULT1E1 protein in bovine placentomes using a methodical approach that differs from that of previous studies.
MATERIALS AND METHODS

Isolation of Bovine Trophoblast Cells
Four bovine placentas from Days 118-130 of gestation were obtained from a local abattoir and processed immediately. Midgestational placentas were chosen because the number and size of placentomes were appropriate to yield sufficient amounts of UTCs and TGCs for subsequent transcript analyses and Western blot experiments. All media and buffers were purchased from Biochrom (Berlin, Germany) if not stated otherwise. Trophoblast cells were isolated largely following the procedure from a previous study [28] . For the isolation of trophoblast cells, 25-35 placentomes per animal were dissected, and cotyledons were manually separated from caruncles. Cotyledons were washed twice in 13 Hanks balanced salt solution (HBSS) without Ca 2þ and Mg 2þ . Cotyledonal villi were removed using scissors, transferred into 100 ml HBSS supplemented with 25 mM HEPES and 0.1% collagenase (Serva, Heidelberg, Germany), and digested three times for 45 min at 378C with agitation. After each digestion step, the suspensions were filtered through a stainless steel screen (190 lm opening size; Sigma, Taufkirchen, Germany). Undigested tissue remaining on the screen was transferred into fresh collagenase solution and digested for another 45 min. The first filtrate containing large amounts of erythrocytes and debris was discarded. Cells of both subsequent filtrates were centrifuged at 250 3 g for 5 min (Allegra X-12R; Beckman Coulter, Krefeld, Germany) and resuspended in DMEM/Ham F12 medium. Prior to Percoll gradient centrifugation, the cell suspensions were treated with DNaseI (0.1 mg/ml; Roche, Mannheim, Germany) during centrifugation at 250 3 g for 5 min. The cells were resuspended in medium and loaded on top of a discontinuous gradient of 1.03, 1.04, 1.05, and 1.06 g Percoll/ml HBSS/HEPES (25 mM) with 2% Ficoll 400 and 2% bovine serum albumin (BSA) (both Sigma). The gradients were centrifuged at 1200 3 g for 20 min without braking. The cells derived from interphases between 1.03, 1.04, and 1.05 were combined, centrifuged at 250 3 g for 5 min, and resuspended in DMEM/Ham F12 medium.
The experiments were in compliance with the European legislation on the care and use of animals.
Preparation of UTCs and TGCs by Fluorescence-Activated Cell Sorting
Immediately after Percoll gradient centrifugation, trophoblast cells were stained with Hoechst 33342 (5 lg/ml culture medium) for 30 min at room temperature in the dark and sorted using a MoFlo-XDP cell sorter fitted with a 100-lm flow cell (Beckman Coulter). Hoechst 33342 fluorescence was detected using a 457/20 filter after excitation of a 355-nm ultraviolet laser. Scatter plots of height versus area of Hoechst signals and histograms of Hoechst fluorescence were obtained using Summit 5.1 software (Beckman Coulter). Doublets were eliminated by gating single cells using Hoechst height/ area plots. Fluorescence histograms from single cells indicating their DNA content were used to create sorting gates for the collection of UTCs (diploid cells) and TGCs (polyploid cells). To assess the purity of sorted cell pools, the collected UTCs and TGCs were reanalyzed at various time points. The sorting efficiency was 93% 6 3%. Aliquots of unsorted and sorted cells were fixed, stained, and analyzed by microscopy using interference contrast and epifluorescence optics. Sorted UTCs and TGCs were centrifuged, and the pellets were frozen in liquid N 2 and stored at À808C.
RNA Preparation, Reverse Transcription, PCR, and Quantitative Real-Time PCR
Total RNA was prepared using the NucleoSpin RNA II Kit (MachereyNagel, Düren, Germany), according to the supplier's protocol. RNA was quantified in a NanoDrop 1000 spectrophotometer (PeQLab, Erlangen, Germany). RNA (100 ng) was reverse transcribed in a 25-ll reaction volume using a mixture of random hexameric and oligo dT primers (4 and 2 ng/ll, respectively; Roche) and M-MLV reverse transcriptase (GeneOn, Ludwigshafen, Germany). Complementary DNA was purified with the High Pure PCR Product Purification Kit (Roche).
Standard PCR was performed to prescreen cDNA samples for the presence of various SULT transcripts. This PCR was conducted in 25 ll reaction buffer containing cDNA, Fast Start Taq DNA Polymerase (MP Biomedicals, Illkirch, France), dNTPs (Roche), and gene-specific primers ( Table 1 ). The cycling conditions were as follows: preincubation at 948C for 5 min followed by 30 cycles of denaturation at 958C for 5 min, annealing at 608C for 1 min, and extension at 708C for 2 min, and a final elongation at 708C for 5 min. The PCR products were verified by cloning and sequencing.
For subsequent real-time PCR, cDNA was amplified in a 12-ll reaction volume with the SensiFast SYBR No-ROX Kit (Bioline, Luckenwalde, Germany) using gene-specific primer pairs ( Table 1 ). The amplification and quantification of the PCR products were performed in a Light-Cycler 480 instrument (Roche) using the following cycling conditions: preincubation at 958C for 5 min, followed by 40 cycles of denaturation at 958C for 20 sec, annealing at 608C for 15 sec, and extension at 728C for 15 sec, and single-point fluorescence acquisition at 758C for 10 sec to avoid quantifying primer artifacts. The generation of only the expected products was confirmed by a melting curve analysis and agarose gel electrophoresis. External standard curves were generated by coamplification of various dilutions of cloned PCR products (5 3 10
À16 g DNA/reaction) with the corresponding primer pairs. Transcript abundance was normalized using the RPS18 transcript as an internal control (relative transcript abundance ¼ transcript abundance/RPS18 transcript abundance).
Preparation of Tissue Lysates and Isolation and Quantification of Total Protein from UTCs and TGCs
Lysates of cotyledons and livers used in Western blot experiments for the validation of the SULT1E1 antibody were prepared by heating 5 mg powdered tissue/ml protein sample buffer (125 mM Tris pH 6.8, 2% SDS, 10% glycerol, 5% 2-mercaptoethanol, 0.05% bromophenol blue) at 958C for 4 min.
For immunoblot analysis of SULT1E1 in sorted UTCs and TGCs, total protein was isolated as follows: frozen cell pools were thawed on ice, resuspended in 1 ml ice-cold lysis buffer supplemented with 1 ll protease inhibitor cocktail and 0.1 mM PMSF (ChIP-IT Express Enzymatic Kit; Active Motif, La Hulpe, Belgium), and soaked on ice for 30 min. The cells were then homogenized by 10 strokes in an ice-cold Dounce homogenizer. The homogenates were cleared by centrifugation at 18 000 3 g for 15 sec at 48C, split into four aliquots, and stored in 1.5 ml Eppendorf-LoBind microcentrifuge tubes (Sigma) at À208C until use. For acetone precipitation of proteins, the four aliquots of each homogenate were thawed on ice, and to each aliquot 1 ml of À208C cold acetone (Carl Roth, Karlsruhe, Germany) was added dropwise with constant gentle agitation. Protein precipitation was performed at À208C overnight. After centrifugation at 18 000 3 g for 10 min at 48C, the supernatants were discarded, and the protein pellets were air dried for 5 min. The four protein pellets from each homogenate were combined in 20 ll protein solving buffer containing tris(2-carboxyethyl)phosphine (Macherey-Nagel). The proteins were denatured at 978C for 3 min and centrifuged at 18 000 3 g for 1 min, and the supernatants were transferred into fresh 1.5 ml Eppendorf-LoBind microcentrifuge tubes. The acetone-precipitated proteins were quantified using the microplate format of the Protein Quantification Assay (Macherey-Nagel) according to the supplier's instructions. Briefly, 4 ll of protein samples was analyzed in a 60 ll-reaction volume. After addition of the quantification reagent (included in the kit) and incubation for 30 min, the light extinction was measured photometrically in a DTX 880 Multimode Detector instrument (Beckman Coulter). The protein concentration was determined in reference to a BSA calibration curve (BSA is included in the kit).
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SDS-PAGE and Western Blot Analyses
Equal-weight amounts of acetone-precipitated proteins or equal volumes of tissue lysates were resolved in conventional 12.5% Laemmli gels (the ratio of acrylamide:bisacrylamide was 30:0.8). For each experiment, two identical gels were used in parallel: one served as a loading control after Coomassie staining, and the other was used for Western blot analysis. Electrophoresis was performed at 30 mA per gel until the bromophenol blue reached the bottom of the gel. For all SDS-PAGE, the Hoefer Mighty Small SE 250 system (GE Healthcare, Freiburg, Germany) was used. Separated proteins were blotted onto polyvinylidene fluoride membranes (Millipore, Schwalbach, Germany) according to Towbin et al. [29] . To prevent nonspecific binding, the free binding sites of the membranes were saturated for 1 h at room temperature with 0.5% fat-free dry milk powder in TTBS (0.1% Tween 20, 20 mM Tris pH 7.4, 137 mM NaCl). Thereafter, the membranes were thoroughly washed three times, each for 10 min, with 50 ml TTBS. Immunoblotting was performed for 10 min in a SNAP i.d. Protein Detection System (Millipore) using a rabbit polyclonal antibody against recombinant bovine SULT1E1 [30] (MediMabs, Montreal, Canada) diluted 1:1500 in TTBS supplemented with 1% BSA. The blots were washed three times with TTBS and then incubated for 10 min at room temperature with the secondary antibody (goat anti-rabbit IgG, HRP labeled; New England Biolabs, Frankfurt, Germany), diluted 1:4000 in TTBS containing 0.5% fat-free dry milk. The membranes were washed again, and the segregated proteins were subsequently visualized with the Amersham ECL Prime Western Blot Detection Reagent (GE Healthcare) and a Detection Ultra High Resolution CCD Camera System Camilla (Raytest, Straubenhardt, Germany). The membranes were reprobed with an anti-tubulin alpha antibody-HRP conjugate (New England Biolabs) to prove equal loading. ECL detection was performed as described above.
The relative SULT1E1 protein concentration was calculated by dividing the intensity value of the SULT1E1 Western blot signal by the amount of total protein that had been separated in the respective lane of the gel.
Statistics
Statistical analyses of the UTC and TGC data were performed with the SigmaPlot 12.0 Statistical Analysis System (Jandel Scientific, San Rafael, CA) using the t-test. Values of P , 0.05 were considered statistically significant.
RESULTS
Isolation of UTCs and TGCs from Bovine Trophoblasts
Collagenase disaggregation of cotyledonal villi and subsequent Percoll gradient centrifugation yielded trophoblast preparations that were virtually free of cellular debris and erythrocytes. However, as a prerequisite for the intended SULT1E1 expression analysis at the cellular level, highly enriched populations of UTCs and TGCs were needed. To this end, prepurified trophoblast cells were subjected to fluorescence-activated cell sorting (FACS). One representative of four experiments is shown in Figure 1 . Various sorting gates were defined for doublet elimination (Fig. 1A) and for the collection of diploid and polyploid cells, respectively (Fig. 1B) . Reanalysis of sorted cells was performed in the course of the experiments and revealed sorting efficiencies of 93% 6 3%. A high purity of the cell preparations was further confirmed by microscopic inspection of small aliquots of cell isolates (Fig.  1C) . In addition, successful sorting was evaluated by measurements of the CSH2 transcript abundance. CSH2, which encodes the hormone placental lactogen, served as a TGC marker. Indeed, the mean transcript abundance was approximately 9.5-fold (P , 0.05) higher in TGCs compared to UTCs (Fig. 1D) .
Confirmation of the Specificity of the SULT1E1 Antibody Used in Western Blot Experiments
Initially, placental cotyledons were examined for the expression of transcripts encoding closely related SULT isoforms that could cause artifacts during Western blot experiments because of cross-reactions with the SULT1E1 antibody. For comparison, caruncles and livers were also analyzed. Conventional, nonquantitative RT-PCR experiments were performed to detect transcripts of SULT1E1, SULT1A1, SULT1B1, SULT1C2, SULT1C3, SULT1C4, and SULT2A1 ( Fig. 2A) . These experiments clearly identified SULT1E1 mRNA as the predominant transcript in cotyledons and caruncles. In addition, placental tissues expressed low amounts of SULT1A1 transcript. On the other hand, SULT1E1 mRNA was not expressed at all in liver samples; however, considerable amounts of SULT1A1, SULT1C4, and SULT2A1 mRNAs were found. Hence, the SULT1A1 protein was considered the top candidate to produce artifacts during Western blot analysis of SULT1E1 in cotyledons. To pre-estimate the size of the effect, the abundance of the SULT1A1 and SULT1E1 transcripts was measured by quantitative real-time PCR (qPCR; Fig. 2B ). SULT1E1 transcripts were more predominant in the cotyledons, whereas SULT1A1 transcripts were virtually undetectable.
The specificity of the SULT1E1 antibody was evaluated by preliminary Western blot experiments using lysates of cotyledons and livers (Fig. 2, C and D) . A single protein of approximately 35 kDa was consistently detected in the 
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SULT1E1 EXPRESSION IN BOVINE PLACENTOMES
cotyledonal lysates. The size of this protein matched very well with the calculated size of SULT1E1, which is 34.640 kDa. Despite evidence for the presence of several potentially crossreacting SULTs from RT-PCR, the liver lysates did not react at all with the antibody.
Examination of UTC and TGC Isolates for the Expression of SULT1E1 Transcript and Protein
The abundance of SULT1E1 transcript was assessed in sorted UTCs and TGCs by qPCR experiments (Fig. 3A) . Both UTCs and TGCs clearly expressed SULT1E1 transcripts; however, the transcript abundance was consistently higher in TGCs than in UTCs. When isolates from the four placentas were compared, the mean transcript abundance was approximately 3.5-fold higher in TGC than in UTC isolates (Fig. 3C) . Furthermore, homogenates prepared from sorted UTCs and TGCs were analyzed by Western blot experiments using the SULT1E1 antibody (Fig. 3B) . Both UTCs and TGCs expressed considerable amounts of the SULT1E1 protein. Interestingly, however, the signals were stronger in UTCs than in TGCs. This result was confirmed by comparing the relative SULT1E1 protein abundance values of the UTC and TGC groups from the four placentas (Fig. 3C) . The mean TGC:UTC ratio of relative SULT1E1 protein abundance was 0.59 (P , 0.05).
DISCUSSION
The starting point of these investigations was the seemingly inconsistent results concerning the localization of SULT1E1 in the bovine trophoblast after the use of immunohistochemistry [25] and in situ hybridization [8, 24] , and the underlying cause of these inconsistent results was unclear. Although reagents specifically generated for the bovine molecule were used in each case, artifacts arising from the high homology between the numerous members of the large SULT family [23] could not be excluded. However, exact information on the site of estrogen sulfonation in the bovine placenta must be considered as a (diploid) and TGCs (polyploid), respectively. Of the single cells, 37.06% were diploid and 3.57% were polyploid. C) Micrographs of trophoblast cells before (unsorted) and after sorting (UTC, TGC). Cells were fixed and stained with propidium iodide prior to microscopy. Identical areas are shown in interference contrast (upper panels) and epifluorescence optics (lower panels). Bars ¼ 50 lm. D) Relative CSH2 transcript abundance (CSH2/RPS18) in sorted UTCs and TGCs. Transcript abundance was measured by qPCR. Relative abundance values from TGCs were normalized against values from UTCs. The results are expressed as the means 6 SEM of n ¼ 4 independent experiments. The asterisk indicates a significant difference between the groups (P , 0.05, t-test).
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prerequisite to understand the biological role of the large amounts of free estrogens produced in TGCs. Thus, an experimental approach different from previous studies and based on the separation of trophoblast cell types by FACS was applied to sort UTCs and TGCs with high efficiency, which was confirmed by microscopic analysis and the measurement of CSH2 transcript abundance. The product of the CSH2 gene, placental lactogen, has been shown to be up-regulated during TGC differentiation with maximum expression in the mature, weakly invasive TGCs [4, 31] . The results from CSH2 transcript abundance measurements not only provide evidence for the sorting efficiency of the method applied but also suggest that the expression pattern of marker genes for UTCs or TGCs does not become blurred significantly during the preparative procedure. Because only placentas from Days 118-130 of gestation were analyzed, the findings of this study may be specific only to midgestation.
Consistent with the results from previous work [8, 24, 25] , this study revealed higher amounts of SULT1E1 mRNA in the TGCs, whereas moderately but significantly higher amounts of the corresponding protein were detected in the UTCs. Artifacts arising from the cross-reactivity of the reagents used with other structurally closely related SULTs could be ruled out by extensive control experiments that showed that among the relevant SULTs, SULT1E1 is by far the principal form in bovine cotyledons. Moreover, despite the presence of SUL-T1A1, SULT1C4, and SULT2A1 transcripts and likely the respective proteins in liver, Western blots from the liver did not react at all with the primary antiserum generated against recombinant bovine SULT1E1, qualifying it as a highly specific tool for SULT1E1 immunodetection.
FIG. 2. Validation of the SULT1E1 antibody. A)
RT-PCR screening of bovine cotyledons (cot) for transcripts encoding SULT isoforms that could cross-react with the SULT1E1 antibody. Caruncles (car) and livers were also examined for comparison. Negative controls (nc) were performed without cDNA. The RPS18 transcript was analyzed as a reference that is present in all tissues. B) The qPCR analysis of SULT1E1 and SULT1A1 transcripts in cotyledons and livers (grey and hatched columns, respectively). The concentration values were normalized using RPS18 mRNA as an internal control. The means 6 SEM of n ¼ 3 independent experiments are shown. Asterisks and letters indicate significant differences between tissues and within the same tissue (P , 0.05, ttest), respectively. C) Immunodetection of SULT1E1 in cotyledonal (cot) and liver lysates. The molecular masses of the marker proteins are indicated to the left of the blot. The size of the placental protein detected by the SULT1E1 antibody is consistent with the calculated molecular mass of SULT1E1 (34.640 kDa). Immunodetection of tubulin alpha (TUBA) demonstrates the presence of proteins in all lanes. D) Coomassie-stained gel that served as a loading control. The molecular masses of the marker proteins (M) are indicated to the left of the gel. The lysates were prepared from equal-weight amounts of the respective tissues, and equal volumes were loaded in each lane. Liver lysates consistently showed higher protein concentrations than cotyledonal lysates.
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This study clearly shows that both SULT1E1 mRNA and SULT1E1 protein are present in UTCs and TGCs in the bovine trophoblast and provides evidence that the seemingly inconsistent results obtained in the previous studies on the cellular localization of SULT1E1 in the bovine placentomes might derive from the insufficient sensitivity of the immunohistochemical method to reliably detect the lower protein levels in TGCs and of the in situ hybridization methods to explicitly trace the lower mRNA levels in UTCs. Interestingly, in previous immunohistochemical analyses of midgestational placentas, not all UTCs were stained by the SULT1E1 antibody, but primarily the UTCs of the chorionic plate and primary villi [25] . Also, despite yielding morphologically homogeneous cell pools, the FACS procedure could not distinguish between SULT1E1-positive UTCs and SULT1E1-negative UTCs. Therefore, the difference between SULT1E1-expressing UTCs and TGCs might actually be more distinct than the Western blot experiments of this study reflect. The underlying cause of the significant shift in the SULT1E1 mRNA:SULT1E1 protein ratio during the continual differentiation of TGCs from UTCs is unclear. However, because of the nature of this differentiation process, a significant transfer of SULT1E1 protein from TGCs into UTCs seems very unlikely. Thus, in UTCs the relatively low steady-state SULT1E1 mRNA levels must be considered sufficient to maintain the relatively high steady-state levels of the respective protein, whereas in TGCs the reason for the comparatively low SULT1E1 protein abundance, despite the amply available mRNA, remains to be elucidated. Such discordance between mRNA and protein levels was also reported by others. Verduzco et al. [32] found that during the first half of gestation, bovine placentomes expressed HSD3B1 protein exclusively in the caruncles even though the cotyledons contained significantly higher amounts of the respective transcripts. In addition, in neonatal pig testes the lowest levels of HSD17B4 mRNA but the highest levels of HSD17B4 protein were detected at 0 wk of age [33] . All these observations indicate posttranscriptional mechanisms of expression control, including translation and protein degradation. However, according to recent quantitative investigations on global mammalian gene expression control [34, 35] , the protein synthesis rate might be the predominant regulator of protein abundance.
This study supports previous results of Khatri et al. [25] pointing to the UTC as the predominant cell type exhibiting SULT1E1 protein expression. Together, the data suggest that the UTCs are the major site where free estrogens produced by TGCs [7] are inactivated (Fig. 4, pathway 1) although the activity of the SULT1E1 enzyme and the substrate levels were not measured. In bovine placentomes, SULT1E1 may serve to protect UTCs against estrogenic stimulation emanating from the CYP19A1-expressing TGCs or to form a barrier to prevent an excessive transfer of free estrogens from the cotyledons into the maternal compartment. However, this barrier must not be considered insurmountable, as free estrogens may be delivered directly into the maternal compartment by invasive TGCs (Fig.  4, pathway 2) or may result from the hydrolysis of sulfonated estrogens in the STS-expressing caruncular epithelium [21] (Fig. 4, pathway 3) . The reduction of SULT1E1 protein abundance and the concomitant up-regulation of ESR2 expression during TGC differentiation [10] suggest that placental estrogens may be involved in the control of this process in an intracrine manner (Fig. 4, pathway 1) . However, it is unclear how the pronounced changes in the temporospatial expression pattern of SULT1E1, the key steroidogenic enzymes CYP17A1 and CYP19A1, and STS found in bovine placentomes in immunohistochemical studies [7, 21, 25] may be integrated into this concept in light of TGC differentiation occurring seemingly uniformly throughout the chorionic villous tree and widely independent of gestational age. 1 to 4) . The values were normalized using the RPS18 transcript as an internal control. B) Western blot analysis of UTCs and TGCs from the same four placentas as in A (numbered 1 to 4) using the SULT1E1 antibody (left panel). The Coomassie-stained gel shown in the right panel represents a typical example of a loading control. The molecular masses (in kDa) of the marker proteins (M) are indicated to the left of the gel. Immunodetection of the tubulin alpha protein was an inappropriate loading control because the expression of tubulin alpha was differently regulated in UTCs and TGCs (not shown). C) Summarizing depiction of the combined results from the four placentas shown in A and B. Relative transcript (SULT1E1/RPS18) and protein (SULT1E1/total protein) abundance values of TGCs were normalized against the respective values of UTCs, which were arbitrarily set to 1. The means 6 SEM of n ¼ 4 independent experiments are shown. The asterisk indicates a significant difference between SULT1E1 protein amounts in UTCs and TGCs (P , 0.05, t-test).
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Howsoever, in a previous immunohistochemical study, UTCs were always identified as the predominant cell type expressing the SULT1E1 protein, irrespective of the stage of gestation [25] .
In conclusion, the results from this study provide a possible explanation for the seemingly conflicting data on SULT1E1 expression in bovine placentomes from previous studies and suggest that the UTCs are the predominant cell type responsible for the sulfonation of placental estrogens in cattle. Although no data of SULT1E1 enzymatic activities and substrate levels in UTCs and TGCs were obtained in this study, information on the cellular localization of the SULT1E1 enzyme helps to establish a sound concept on the local availability of free active estrogens in bovine placentomes and is considered a prerequisite to put forward well-founded hypotheses on the biological role of placental estrogens in cattle. Finally, the expression pattern of SULT1E1 in bovine placentomes exemplifies that the characterization of gene expression only on the transcriptional level may be insufficient to assess the biological role of certain genes.
